Abstract. We present a characterization of cotorsion-free abelian groups in terms of homomorphisms from fundamental groups of Peano continua, which aligns naturally with the generalization of slenderness to non-abelian groups. In the process, we calculate the first homology group of the Griffiths twin cone.
Introduction and statement of main results
The purpose of this paper is to establish new connections between two recent developments in "wild" algebraic topology and to provide a new topological perspective on cotorsion-free abelian groups. Specifically, we give a characterization of cotorsion-free abelian groups in terms of homomorphisms from fundamental groups of Peano continua. In the process, we calculate the first homology group of the Griffiths twin cone.
Our results are stated in terms of normal subgroups π(U, x) of the fundamental group π 1 (X, x) with respect to open covers U of X that first appeared in [32, §2.5] and have since come into renewed focus: π(U, x) is generated by all elements of the form [α · β · α − ] with a path α : ([0, 1], 0) → (X, x), an open set U ∈ U such that α(1) ∈ U , and a loop β : ([0, 1], {0, 1}) → (U, α(1)), where · denotes path concatenation and α − (t) = α(1 − t) denotes the reverse of the path α. These subgroups have been playing prominent roles in two different contexts: the generalization of slender groups and the generalization of covering spaces.
Noncommutatively slender groups.
A torsion-free abelian group A is said to be slender if for every homomorphism h : Z N → A there is an n ∈ N such that h((c k ) k∈N ) = 0 whenever c k = 0 for all k < n. The slender groups form a subclass of the cotorsion-free groups: an abelian group is slender if and only if it is cotorsionfree and contains no subgroup isomorphic to Z N [31] . Recall that an abelian group A is called cotorsion provided that whenever A is a subgroup of an abelian group B with B/A torsion-free, we have B = A ⊕ C for some subgroup C of B. In turn, A is called cotorsion-free if it does not contain a nonzero cotorsion subgroup.
The concept of slenderness can be generalized to non-abelian groups by replacing Z N with the fundamental group π 1 (H, o) of the Hawaiian Earring H, that is, the subspace of the Euclidean plane comprised of the union of the circles C k = {(x, y) ∈ R 2 | x 2 + (y − 1/k) 2 = 1/k 2 } (k ∈ N) accumulating at the origin o = (0, 0). Accordingly, a group G is called noncommutatively slender (or n-slender for short) if for every homomorphism h : π 1 (H, o) → G there is an n ∈ N such that h([γ]) = 1 for all loops γ in The fundamental group π 1 (Y, y) of a path-connected topological space Y is n-slender if and only if every homomorphism h : π 1 (H, o) → π 1 (Y, y) is induced by a continuous map f : (H, o) → (Y, y) with h = f # [10] . The interplay of n-slenderness with free σ-products, as further investigated in [11] , forms the foundation for the classification of the homotopy types of one-dimensional spaces by the isomorphism types of their fundamental groups [13] .
1.2. Generalized covering spaces. Let X be a path-connected topological space, x ∈ X, and let Cov(X) denote the collection of all open covers of X. Observe that S = {π(U, x) | U ∈ Cov(X)} is a collection of normal subgroups of π 1 (X, x) which is inversely directed by refinement: if V refines U, then π(V, x) π(U, x).
We define
and call this normal subgroup of π 1 (X, x) the Spanier group of X. Provided X is also locally path-connected, X admits a universal covering space if and only if S contains a minimal element, i.e., π s (X, x) = π(U, x) for some U, and it admits a simply-connected covering space if and only if π(U, x) = 1 for some U [32] .
In general, π s (X, x) lies in the kernel of the natural homomorphism π 1 (X, x) → π 1 (X, x) to the firstČech homotopy group [20] and it has recently been shown to equal this kernel if X is locally path-connected and paracompact Hausdorff (e.g. if X is a Peano continuum) [2] . This homomorphism is often injective. For example, it is injective for one-dimensional spaces [15] , for subsets of surfaces [19] and for certain trees of manifolds [18] . Hence, for such X, we have π s (X, x) = 1. The Hawaiian Earring is the prototypical example of a Peano continuum that does not admit a universal covering space: π s (H, o) = 1, while π(U, o) = 1 for all U ∈ Cov(H).
It was shown in [20] , that every path-connected topological space X admits a generalized covering projection p : X → X corresponding to π s (X, x), i.e.:
(i) X is path-connected and locally path-connected; (ii) p # : π 1 ( X, x) → π 1 (X, x) is a monomorphism onto π s (X, x); and (iii) for every map f : (Y, y) → (X, x) from a path-connected and locally pathconnected space Y with
These properties uniquely characterize the concept, although they do not guarantee evenly covered neighborhoods or homeomorphic fibers. However, the automorphism group of this generalized covering projection is always naturally isomorphic to the quotient π 1 (X, x)/π s (X, x) and it acts freely and transitively on every fiber. Moreover, p is open if X is locally path-connected [20] . When π s (X, x) = 1, we speak of a generalized universal covering.
In the case of a one-dimensional compact metric space, the resulting generalized universal covering space carries a combinatorial R-tree structure that acts as a generalized Cayley graph for the fundamental group [21] . This has given rise to a "mechanical" description of the fundamental group of the Menger universal curve in terms of an infinite version of the Towers of Hanoi puzzle [22] . Generalized universal coverings are also useful in determining the asphericity of other locally non-trivial spaces [17] .
1.3. Main results. Definition 1.1. We call a group G homomorphically Hausdorff relative to a pathconnected topological space X if for every homomorphism h : π 1 (X, x) → G, we have U ∈Cov(X) h(π(U, x)) = 1. Remark 1.2. The terminology is motivated by considering π 1 (X, x) as a topological group with basis {gπ(U, x) | g ∈ π 1 (X, x), U ∈ Cov(X)}, as is done in [3, §3.3] , where this topology is called the lasso topology. (See also [33] .) Given a homomorphism h : π 1 (X, x) → G, the image K = h(π 1 (X, x)) is a topological group with basis {kh(π(U, x)) | k ∈ K, U ∈ Cov(X)} and h : π 1 (X, x) → K is a quotient map. Then U ∈Cov(X) h(π(U, x)) = 1 if and only if K is Hausdorff. Definition 1.3. We call a group G Spanier-trivial relative to a path-connected space X if for every homomorphism h :
Remark 1.4. There are some obvious relationships. Every group is Spanier-trivial relative to the Hawaiian Earring H. If G is homomorphically Hausdorff relative to X, then G is Spanier-trivial relative to X. The fundamental group π 1 (X, x) is Spanier-trivial relative to X if and only if π s (X, x) = 1, if and only if π 1 (X, x) is Hausdorff, in which case X admits a generalized universal covering space and is homotopically Hausdorff, i.e., no fixed element g ∈ π 1 (X, x)\{1} can be represented by arbitrarily small loops.
The prototypical example of a Peano continuum that is not homotopically Hausdorff is the Griffiths twin cone C(H o ) ∨ C(H e ): it is defined as the wedge of the two cones C(H o ) and C(H e ), over the subsets H o = k∈N C 2k−1 and H e = k∈N C 2k of the Hawaiian Earring H, respectively, joined at the distinguished points of their bases [25] . Since every loop in C(H o ) ∨ C(H e ) can be homotoped arbitrarily closely to the wedge point * (see, e.g., [ 
Here are our main results: Theorem 1.5. For an abelain group A, the following are equivalent:
(1) A is cotorsion-free. 
The proof of Theorem 1.5 will be presented in three separate sections: "(1)⇒(2)" in §3 (Theorem 3.1), "(4)⇒ (1)" in §4 (Corollary 4.5), and "(3)⇒(1)" in §5 (Corollary 5.2). The main work of §4 goes into proving the following:
where P is the set of all primes and A p is the p-adic completion of 2 ℵ 0 J p . We list some non-abelian examples in Section 5.
Some algebraic preliminaries
In this section, we briefly recall some algebraic preliminaries from [23] concerning infinite abelian groups.
The Z-adic completion of an abelian group A is defined to be the inverse limit A = lim ←− (A/nA, π m n , n ∈ N) whose homomorphisms π m n : A/mA → A/nA are given by π m n (a + mA) = a + nA for n, m ∈ N with n|m. Here, nA = {na | a ∈ A}. The kernel of the canonical map A → A, given by a → (a + nA) n∈N , is called the first Ulm subgroup of A, and is denoted by U (A). If we restrict n to powers of a fixed prime p in this inverse limit, we obtain the p-adic completion of A. For example, the p-adic integers J p are defined to be the p-adic completion of Z:
An abelian group D is called divisible if for all d ∈ D and all n ∈ N we have n|d, i.e., d = nc for some c ∈ D. Every divisible group is a direct sum of groups each isomorphic to Q or the quasicyclic group of type p ∞ for some prime p (i.e., the subgroup of the complex multiplicative group C × consisting of all p n -th roots of unity for all n 0) [23, (23.1) ]. An abelian group D is divisible if and only if it has the following property: whenever D is a subgroup of an abelian group A, then A = D ⊕ C for some subgroup C of A. Every abelian group A has a maximal divisible subgroup D (which is contained in U (A)) and we call A reduced, if it does not contain a nonzero divisible subgroup [23, (21. 3)]. It is an elementary exercise to show that the maximal divisible subgroup of a torsion-free abelian group is equal to its first Ulm subgroup U (A), since in this case U (A) itself is divisible.
A subgroup A of an abelian group B is called pure if for every a ∈ A, we have n|a in A whenever n|a in B. An abelian group C is called algebraically compact if it has the following property: whenever C is a pure subgroup of an abelian group A, then A = C ⊕ D for some subgroup D of A. Clearly, every divisible abelian group is algebraically compact. Also, every finite abelian group is algebraically compact [23, (38.1) and (3.1)]. Every inverse limit of reduced algebraically compact abelian groups is reduced and algebraically compact [23, (39.4) ]. In particular, Z and J p are algebraically compact for any prime p.
An abelian group C is divisible (respectively algebraically compact) if and only if it is injective (respectively pure-injective), i.e., every homomorphism τ : A → C defined on a subgroup (respectively pure subgroup) A of an abelian group B extends to a homomorphism φ : B → C [23, (24.5) and (38.1)].
An abelian group is cotorsion if and only if it is the homomorphic image of an algebraically compact abelian group [23, (54.1)]. A torsion-free abelian group is cotorsion if and only if it is algebraically compact [23, (54.5) ]. Every nonzero torsion-free reduced algebraically compact abelian group contains a direct summand isomorphic to J p [23, (40.4) ]. We therefore have the following characterization [24] : Theorem 2.1 (Göbel-Wald). An abelian group A is cotorsion-free if and only if it is torsion-free and contains no subgroups isomorphic to Q or J p for any prime p.
An abelian group A is said to be complete modulo the first Ulm subgroup, or complete mod-U, if for every sequence (a n ) n∈N in A with (n + 1)!|(a n+1 − a n ) for all n ∈ N, there is an element a ∈ A such that (n + 1)!|(a − a n ) for all n ∈ N. An abelian group A is algebraically compact if and only if A is complete mod-U and the maximal divisible subgroup of A equals U (A) [8, Satz 2.2] . Hence, a torsion-free abelian group A is algebraically compact if and only if it is complete mod-U.
3. Cotorsion-free groups and Peano continua Theorem 3.1. Let A be a cotorsion-free abelian group and X a Peano continuum. Then A is homomorphically Hausdorff relative to X.
We use tools from [14] . For completeness, we give a self-contained proof.
Proof. Suppose, to the contrary, that there is a homomorphism h : π 1 (X, x) → A and an element 0 = a ∈ U ∈Cov(X) h(π(U, x)). Since A is torsion-free, its first Ulm subgroup U (A) equals the maximal divisible subgroup of A. However, A is reduced, so that U (A) = 0. Consider the Z-adic completion Z of the integers Z:
An element u ∈ Z can be represented in the form
which we abbreviate by a formal sum
This representation is unique if we require that u i ∈ {0, 1, 2, . . . , i}. While we do not add such infinite sums, we have
Below, we will show that for each sequence (
Note that φ(1) = a = 0, where 1 = ∞ i=1 i! u i with u 1 = 1 and u i = 0 for all i 2. Since Z is algebraically compact, φ( Z) is a nonzero cotorsion subgroup of A; a contradiction. We now show how to find the loop ℓ.
Since X is a Peano continuum, there is a continuous surjection f : [0, 1] → X. Let V 1 be a cover of X by open path-connected subsets of X such that diam(U ) < 1 for every U ∈ V 1 . Choose k 1 ∈ N such that for every integer s 1 with 0
Next, consider a collection V 2 of open path-connected subsets of X such that diam(U ) < 1/2 for all U ∈ V 2 and such that for each integer s 1 with 0
Inductively, we find a sequence of positive integers k n and open covers
with the following properties:
(i) For every U ∈ U n , we have that U is path-connected and diam(U ) < 1/n;
..,sn−1) . For each n ∈ N, we have u n a ∈ h(π(U n , x)). Hence, for each s ∈ S n , there are continuous paths α s,i : ([0, 1], 0) → (X, x), say 1 i r s , and continuous loops β s,i :
(Note that the order of the product does not matter since A is abelian.) For each s ∈ S n , choose paths γ s,i :
We will now define a continuous path g : [0, 1] → X from g(0) = f (0) to g(1) = f (1) so that the loop ℓ = g · f − has the following property: for each n ∈ N, ℓ runs precisely i! many times through each loop ℓ s with s ∈ S i and 1 i n, and the sum of the remaining subpaths of ℓ is homologous to n! copies of the same cycle. Specifically, put T n = {(t 1 , t 2 , . . . , t n ) | 0 t i < ik i } and C n = {(c 1 , c 2 , . . . , c n ) | 0 c i < i}. For each t = (t 1 , t 2 , . . . , t n ) ∈ T n , let s(t) = (s 1 , s 2 , . . . , s n ) ∈ S n and c(t) = (c 1 , c 2 , . . . , c n ) ∈ C n be defined by the equation t i = is i + c i and put
If we order the elements of T = ∞ n=1 T n lexicographically, then the assignment T → [0, 1] given by t → b t is strictly increasing. Moreover, for each n ∈ N and each t ∈ T n with c(t) = (c 1 , c 2 , . . . , c n ):
(ii) If c n < n−1, we have b t + = b t +3ǫ n and [b t +ǫ n , b t +2ǫ n ]∩{b t ′ | t ′ ∈ T } = ∅, and we define
Since the loop l s is based at f (a s ), g is well-defined. On one hand, if
is not defined, then x ∈ {1} ∪ n∈N t∈Tn (b t , b t + ǫ n ). On the other hand, for every n ∈ N, every t ∈ T n and every x ∈ [b t , b t + ǫ n ] such that g(x) is defined, we have g(x) ∈ U s(t) . Hence, g uniquely extends to a continuous function g : [0, 1] → X with g(0) = f (0) and g(1) = f (1). Now fix n ∈ N. We wish to decompose the homology cycle ℓ into appropriate (c 1 , c 2 , . . . , c n ) with c n < n − 1, we see that g| [bt,bt+2ǫn] 
− is trivially a cycle. In general, however, we need to regroup these 1-chains, which we do next.
For each t ∈ T n , define a sequence t * as follows: First, express t = (t 1 , t 2 , . . . , t n ) and c(t) = (c 1 , c 2 , . . . , c n 
n, in which case we put t * = (t 1 , t 2 , . . . , t m ). (Note that t * = t corresponds to the case c n < n − 1, which gave us the trivial grouping above.)
Observe that for t,t ∈ T n with t * =t * and t =t, we have s(t) = s(t). More precisely, we have a bijection
and if we put
The correspondence (3.2) allows us to subdivide the second half of ℓ = g · f − and group each piece (f | [as,a s + ] ) − (for s ∈ S n ) with the 1-chain g| [bt,bt+ǫn] where t ∈ T n , t * = () and s(t) = s. Similarly, the correspondence (3.3) allows us to subdivide every g| [bu+ǫm,bu+2ǫm] 
− for which u ∈ − (for s ∈ S n , a s(u) a s < a s(u) + ) with the 1-chain g| [bt,bt+ǫn] where t ∈ T n , t * = u and s(t) = s. Now, for every s ∈ S n , we have |{t ∈ T n | s(t) = s}| = n! and for all t,t ∈ T n with s(t) = s(t), we have g| [bt,bt+ǫn] ≡ g| [bt,bt+ǫn] . Hence,
− for t ∈ T n with t * = () and s(t) = s.
Applying h yields (3.1).
The Griffiths twin cone
In this section, we calculate the first integral homology group of the Griffiths twin cone. Our approach is based on [10, §4] . However, there is a gap in the proof of [10, Lemma 4.11], which is addressed in [14] . Lemma 4.3 below generalizes the corresponding adjustment of [10, Lemma 4.11] from [14] to the situation at hand. In keeping with a geometric perspective, the proofs in this section are framed in terms of the generalized universal covering of the Hawaiian Earring, treating infinitary words implicitly.
Two applications of van Kampen's Theorem (each time cutting off one simplyconnected cone tip) yield π 1 (C(H o ) ∨ C(H e )) ∼ = π 1 (H)/N 0 , where N 0 is the normal subgroup of π 1 (H) generated by π 1 (H o ) * π 1 (H e ) [25, §3] ; we take the origin o as the base point for H. Hence, 
Proof. The first part follows from the lifting property of p : H → H. Considering h 2 if necessary, we may assume that
] projects to the same loop α in H. The continuity of p| [ x1, y1] implies that α is constant. Thus, x 1 = x 2 , so that h = id. Consequently, y 1 = y 2 . Finally, note that h 2 = id implies h = id, since the automorphism group of p : H → H is isomorphic to π 1 (H), and hence isomorphic to a subgroup of the torsion-free groupπ 1 (H). 
Standard edge cancellation yields a geodesic
A somewhat more delicate algorithm is necessary if we are given a product
′ , whose factors g i either lie in π 1 (H o ) or in π 1 (H e ), or else are paired by inverses, and wish to end up with a similar pairing structure for the geodesic f . This is carried out in the proof of the following lemma, which is a generalization of the corresponding result for π 1 (H) ′ in [14] :
, along with a partition F o , F e , C, C of {1, 2, . . . , s} and a bijection ϕ : C → C such that
Proof. We may assume g = 1. Let 
) is degenerate and we treat it as empty. Likewise, if b 1 = t j , we treat f (j,2) as empty.
and adjust the concatenation f 1 f 2 · · · f s to the new subdivision by replacing f i with f (i,1) , replacing f j with f (j,2) , then eliminating f i+1 , f i+2 , . . . , f j−1 , then replacing
, and finally replacing f ϕ −1 (j) (which could by now be one of the new f i+1 , f i+2 , . . . , f j−1 ) with f f (j,1) ), the former cannot properly contain the latter by Lemma 4.1. Consequently, we can transfer the points η ∩ [t j−1 , b 1 ] to [b 1 , t j ] along the correspondence of f (j,1) with f (j,1) (repeatedly if necessary) and find a k ∈ {i + 1, i + 2, . . . , j − 1} with which we may
satisfies ( * ) with respect to the new subdivision.
While this transformation potentially increases s by as much as 2, it may decrease r. Specifically, if f (i,1) is not empty, then r decreases by 1. So, let us assume that f (i,1) is empty. If f (j,2) is also empty, then r either decreases (by 1 or 2) or remains constant, but s definitely decreases. So, assume that f (j,2) is not empty. We then have sequences a < · · · < a n+1 < a n < · · · < b n < b n+1 < · · · < b with subdivisions ξ n of [a, a n ] ∪ [b n , b] into s intervals, each obtained from the previous one by the above transformation, such that f | [a,an]∪[bn,b] satisfies ( * ) with pairings ϕ n : C n → C n . In particular, [a n+1 , a n ] is a subinterval of ξ n and
. Put a ∞ = inf{a n | n ∈ N} and b ∞ = sup{b n | n ∈ N}. We will call a subinterval of ξ n an inside interval if it is contained in
, and an overlapping interval otherwise.
Since
and since the number of subintervals of ξ n is equal to s for all n, the number of points in ξ n ∩ O is nondecreasing and bounded by s. So, we may assume that this number is constant. In particular, an overlapping interval [u, v] of ξ n cannot be paired by ϕ n with an outside interval 
.) The same is true for a persistent overlapping upper interval [u n , v]. So, we may assume that overlapping intervals are not paired with inside intervals. (Note that an overlapping interval might cease to exist, in which case it will not reappear.) Similarly, we may assume that outside intervals are not paired with inside intervals. In summary, we now assume that inside, outside, and overlapping intervals, if paired, are paired with an interval of the same kind.
We claim that for every point c n contained in an inside interval of ξ n , there is a point c n+1 contained in an inside interval of ξ n+1 such that f (c n ) = f (c n+1 ). In order to show this, we may assume that c n ∈ [a n+1 , a n ] ∪ [b n , b n+1 ]. (Otherwise we can take c n+1 = c n .) We will use the notation from our transformation rule for C = C n . Since f (i,1) is empty, but f (j,2) is not, and since the number of subintervals of ξ n and ξ n+1 are equal, we have j ∈ C ∪ C. Observe that the domain of f i , i.e., [a n+1 , a n ], is an inside interval of ξ n , while the domain of f j might be an upper overlapping interval, in which case the two would not be paired by ϕ. First suppose that i ∈ C. Then the desired point c n+1 can be found in the domain of f ϕ(i) . The same is true if i ∈ C. Consequently, the only case that needs attention is when i ∈ F o ∪ F e . Say, i ∈ F o . If j > i + 1, then both f i and f i+1 lie in H o , so that combining their domains will reduce the pair (r, s) to (r, s − 1) for ξ n . So, we may assume that j = i + 1. In this case, the domain of f (j,1) equals [b n , b n+1 ] and f i ≡ f − (j,1) . Since |ξ n+1 ∩ O| = |ξ n ∩ O|, the domains of f (j,1) and f (j,1) must both be inside intervals of ξ n+1 , so that we can find c n+1 in f (j,1) .
Hence, starting with any two points c n and d n in any inside interval of some ξ n such that f (c n ) = f Proof of Theorem 1.6. As in [16] , it suffices to show that H 1 (C(H o ) ∨ C(H e )) is (i) torsion-free; (ii) algebraically compact; (iii) contains a subgroup isomorphic to 2 ℵ 0 Q; and (iv) contains a pure subgroup isomorphic to 2 ℵ 0 Z. The fact that A = H 1 (C(H o ) ∨ C(H e )) is torsion-free follows from the formula We now vary this construction. Choose a collection {I α | α ∈ {1, 2} N } of infinite subsets of N such that I α ∩ I β is finite for all α = β; e.g., for α = (s k ) k∈N , take
As in the proof of the purity of aN 1 above, we conclude that n|m i for all i. Hence, n|a
Corollary 4.5. Let A be an abelian group which is Spanier-trivial relative to the Griffiths twin cone C(H o ) ∨ C(H e ). Then A is cotorsion-free.
Proof. By Theorem 1.6, π s (C(H o ) ∨ C(H e ), * ) = π 1 (C(H o ) ∨ C(H e ), * ) can be mapped homomorphically onto Q, J p and Z/pZ for any prime p. It follows that A cannot contain a subgroup isomorphic to any of these groups and is consequently cotorsion-free by Theorem 2.1.
Remark 4.6. By [28, Theorem 1.2], the first integral homology group of the Harmonic Archipelago is also isomorphic to the group described in Theorem 4.2 above. Indeed, it can be calculated in much the same way as we computed the first integral homology group of the Griffiths twin cone. We leave the details to the reader.
The Hawaiian Earring and product properties
Proposition 5.1. Suppose A is either Q, Z/pZ or J p for some prime p. Then there is a homomorphism h : π 1 (H, o) → A with h(π(U, o)) = A for all U ∈ Cov(H). a 2 , a 3 , . . . ) for a i ∈ Z, where ℓ i is as in the proof of Lemma 4.4, parametrized appropriately. Let U ∈ Cov(H). Choose n ∈ N with incl # (π 1 (
This also covers the case A = Z/pZ, since there is an epimorphism J p → Z/pZ. If A = Q, we instead start with τ : k∈N Z → Q, given by τ (e k ) = 1/k, where e k (n) = 0 for n = k and e k (k) = 1, and extend it to φ : k∈N Z → Q, noting that Q is injective. Then φ( ∞ k=n Z) = Q for all n ∈ N and we can proceed as before.
Corollary 5.2. Let A be an abelian group which is homomorphically Hausdorff relative to the Hawaiian Earring H. Then A is cotorsion-free.
Proof. Combine Proposition 5.1 with Theorem 2.1.
Remark 5.3. Implicitly contained in our argument is also a proof of the following characterization, appearing in [4, §7] , extracted by Dugas, Göbel, Wald et al. from Nunke's characterization of slender groups [31] : An abelian group A is cotorsion-free if and only if for every homomorphism φ : Z N → A, we have n∈N φ( ∞ k=n Z) = 0. While n-slenderness is preserved under restricted direct products (and free products) [10, Theorem 3.6] , the following holds for arbitrary direct products: Proposition 5.4. A product i∈I G i is homomorphically Hausdorff or Spaniertrivial relative to X if and only if each group G i has the corresponding property.
